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FOREWORD 


la  conducting  che  research  described  in  this  report,  the  investigator (s) 
achered  to  the  "Guide  for  the  Care  and  Use  of  Laboratory  Animals," 
prepared  by  che  Committee  on  Cara  and  Use  of  Laboratory  Animals  of 
the  Institute  of  Laboratory  Animal  Resources,  National  Research  Council 
(DHEW  Publication  No.  (NIH)  73-23,  Revised  1978). 

For  the  protection  of  human  subjects  the  investigator (s)  have  adhered  to 
policies  of  applicable  Federal  Law  45CFR46. 
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A.  Contract  Background 

The  principal  invest  igator  was  awarded  a  o  ;  Lr.i.  *  !  ;  uin  the  l.’SAMKl >C 

to  run  from  1  March  1979  to  31  December  19H0.  /Ihe  scop.-  .u  this  contiaci 
included  preparation  and  testing  of  a  pi  Lot  vm.-ine  !■>  I's. -uilonwn.n; 
aeruginosa  infections  up  to  the  human  trial  stae.-,  .lfVcJop.mi.au  ot  assays 
for  measuring  the  antibody  response  of  immunize-:  <nd  infected  individuals, 
testing  of  the  immunogenici ty  ot  the  vaccine  |  redact,  in  animals,  assess¬ 
ment  of  the  material  in  compromised  animal  host  models  as  a  protective 
agent,  assessment  of  cell  mediated  protec.  ice  me.  hard  runs  induced  by  the 
vaccine,  including  in  vitro  cellular  studio;  ,  d«  !  enr.i  •  at  lonr.  of  the  nonet  ic 
basis  of  response  to  the  vaccine  in  inbred  mors,  sti.-inr. ,  .md  assessment 
of  the  role  of  lipopolysacchar ide  (LPS)  a.,  »u  imnano  jeui  c  or  oioloq  ically 
active  component  of  the  vaccine.  Tire  vaccine  i  r  a  high  ::i<  decui  ar  weight 
polysaccharide  (PS)  material  isolated  from  the  outer  coll  surface  or 
cultural  supernates  of  P.  aeruginosa  (i).  Similar  tyj  es  pol ysacc'.iar i des 

have  been  shown  to  be  effective  vaccines  for  a  number  of  bacterial  infections, 
sucli  as  meningitis  caused  by  Neisser i  a  moning  i  tic:  i  s  and  pneumonia  caused  by 
Streptococcus  pneumoniae.  /ftSince  P •  aorug i nosa  infections  are  common  compli¬ 
cations  of  wound  and  burn  [injuries  that  occur  Ln  military  combat,  tliis 
high  molecular  weight  PS  product  is  being  developed  as  a  potential  pre¬ 
ventative  measure  for  these,  infections. 

B.  Progress  of  Vaccine  Development  and  Preparation 

Our  contract  proposed  to  prepare,  by  our  pteviously  described  method  (I), 
a  high  molecular  weight  PS  preparation  from  immune type  7  (lv-7)  P.  aeruginosa, 
test  this  product  for  chemical  composition,  serological  activity,  i:  aaunogen  icity 
and  protective  efficacy  in  mice,  determine  its  molecular  size,  and  lest  its 
toxicity  in  rabbits,  mice,  and  guinea  pigs.  IT-7  aeruginosa  was  oriqiually 
chosen  because  the  PS  antigen  from  this  molecule  apveated  to  have  the  greatest 
degree  of  cross  serotype  protective  efficacy  in  animal  protection  tests.  In 
addition,  there  appeared  to  be  a  high  degree  of  binding  in  both  a  solid  phase 
radioimmunoassay  (SPRIA)  and  radioactive  antigen  binding  assay  ( RABA)  of  antisera 
to  all  7  Fisher  typo  strains  to  the  IT-7  PS  ml.  i  ;en.  However,  attempts  to 
produce  a  vaccine  from  IT-7  were  probiemat leal,  including  low  yields  and  sero¬ 
logically  poorly  active  material.  Ii.  addition,  i  rue*,  loan t ion  of  the  T-7  PS  by 
ion  exchange  chromatography  on  DBAS  Sepliadcx  columns  revealed  up  to  9  distinct 
fractions  of  either  serologically  or  optically  (adsorption  at  206  ran)  active 
material.  These  fractions  were  all  tested  for  their  pi  otiocf  ivo  cifieacy  in 
mouse  immunization-challenge  exper  iments,  and  the  results  were  d  isa[  po.i  nt  inq. 

None  of  the  fractions  showed  very  good  protective  ei ; deney.  As  a  result,  we 
decided  to  develop  the  vaccine  from  the  IT-1  strain  of  P.  <un  ueinosa.  We  have 
had  the  most  experience  in  working  witli  the  IT-1  strain,  and  had  consistently 
good  yields  of  PS  antigen  from  this  stroiin.  IT-1  P.  aeruginosa  also  shows  an 
almost  equal  degree  of  cross  serotype  protective  efficacy  as  does  IT-7  in 
mouse  immunization-challenge  experiments,  and  otter:;  the  advantage  that  the 
serologic  activity  of  this  antigen  is  readily  do  .Lroyed  by  t  reatment  witli 
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dilute  alkali  at  37°C  for  2  hrs.  This  troutm-Me 


in  t  affect.  a  set  01 


serologic  determinants  on  the  l.l’S  from  IT-1  I’.  that  are  distinct 

from  the  PS  determinants  (IT-1  PS  serologic  del'  tminauts  -1  •  ■  i  all  expressed 
on  the  IT-1  LPS.  Their  relation  and  chemical  d  ‘derei.cce  are  documented 
in  the  1st  annual  report  on  this  contract) . 


Thus,  preparation  of  the  trial  vac  ine  product  i tom  IT - 1  p.  aeruginosa 
has  been  done.  We  have  tested  the  product  in  ao  oruanco  w  i  :  ii  Food  and  Drug 
Administration  (FDA)  requirements  for  proclinic.il  safety,  toxicity  and 
sterility  standards,  prepared  and  submitted  u.  investigational  New  Dt ug 


.usual  n  '|  iort  .  In  the 


(IND)  application  to  the  FDA  (FDA  Form  1571),  ot.  pur.d  a  cMnicil  phaimacoloqy 
protocol  (FDA  Form  1572)  to  tost  the  mater  i !  is  hum. a,.,  aot.  ified  the  Surgeon 
General  of  the  United  States  Army  in  acorn  d  with  our  cunt  t  act  obligations, 
as  well  as  notified  the  U.S.  At  my  Human  Us"  Revow  CH I  in;  or  our  IND 
application.  This  applicat  ion  is  append'1  1  t  ..  t  i  .  •  .usual  report  .  In  t  he 
FDA  Form  1571  we  have  documented  the  to ! low: ae : 

1)  Preparation  method  ot  mate,  tat 

2)  Chemical  analyses  of  final  prede-  t 

3)  Immunological  and  serological,  pi  t  ion  of  the 

final  product 

4)  Animal  toxicity  results  of  the  I’tnl  product 


Sterility  tests  on  t  a<  final  pr.  dud 


nil  product' 


In  order  t;o  avoid  repetition  an  1  tor  biovit 
repeated  here  in  the  annual  report. 


dal  i  are  not 


Further  progress  on  the  development  and  prepur  it  ion  oi  the  vaccine  not 
documented  in  the  appended  IND  application  includes  detenninut-  ion  of  lot  t  o  lot 
variation  in  vaccine  production,  and  improved  vaccine  product  isolation  tech¬ 
niques.  In  order  to  ascertain  the  variability  in  chemical  composition  and 
immunological  activity,  three  different  lots  oi  IT-1  PS  vaccine  have  so  1  ar 
been  produced.  Results  on  the  chemical  composition,  monosaccharide  components, 
and  serological  activity  of  these  preparations  are  presented  in  Tables  I,  II 
and  III.  The  lot  designated  VL-III  was  the  one  given  to  the  Massachusetts 


State  Biologies  Lab  for  bottling  as  our  vaccine 
more  lots  of  this  product  are  scheduled  for  px <> 
contract  year  ir.  order  to  establish  lot  to  lot 
because  of  the  closely  related  results  fo;  lot', 
felt  confident  enough  to  use  lot  VL-TIT  in  h  ..in  i 


lor  eventual  human  use.  Two 
H.c'.i'  i:  during  the  cui  rent 
.  a  r  i  :i!  i<  .ii  limits.  However, 
Vf.-l  ,  VI.- 1  i  and  VL-  f  i  I  ,  we 
i  trials. 


We  attempted  to  improve  PS  isolation  tec. mi  pies  i  y  us.  of  ult  r.u  ill*  •  <-d 
media  (Trypticase  Soy  Broth,  TS3)  ,  variation:;  ’  the  ac-d  i  <  acid  .;f  etigth  us.  -d 
during  the  LPS  hydrolyses  step,  use  of  a  oil  foreiil.  it.olecu  far  sieve  column 
(a  Sephacyl  S-300  versus  the  old  Scphadex  t.-loo)  ,  a  id  i  r  C'duot  i  on  ot  IS  in 
defined  media  consisting  only  oL  salts  with  a  cubou,  nitrogen  and  sulfur 
source.  These  tests  were  all  completed  with  the  following  results: 
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TAB  Li-:  II L 


Serologic  Activity  or  IT-!  i  J 
Lots  VL-I ,  VL-II,  and  VI,-’.  i  I 


ASSAY 


ALT  '•  it'-J  LOT 


VL-  1  .i 


VI.-II1 


Immunodiffusion 

Titration 


0.  .12!) 


0  .  .!  2  D 


0.061 


Hemagglutination 

Inhibition 


represents  lowest  concentration  in  mg/mJ.  giving  visible 
precipitin  line 


represents  log?  dilution  of  a  1  mg/ml  solution  showing 
positive  hemagglutination  inhibition 


■v  ov.oo 


v«.tv,v<x*r'vkv».'w.  '■/  'v'.’i.V'.b.V'VW' 
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L)  Use  of  ultra l  i  U  -red  TSB  to  o !  i  i-  i  n.d  o  possible  vaccine  am- 
tamination  with  media  components.  U It.  rat  lit  • ...  T:-;i;  throw  ill  Amic  n  I’M- JO 

membranes  yielded  both  an  ui traf iltcred  (l,.'')  .mu  a  retained  (H)  fraction. 
Inoculation  of  untreated  TSB  or  its  UF  or  I;  ■  d  it  ion:  with  JT-1  P.  t<  .  ng  i  nosa 
produced  a  final  optical  density  (JD)  oL  >>5d  1.1.1  .  I  ..  .  ,  ;  or  untreated  I'SB, 

1.6  for  tiie  UF  fract  Lon  and  0.8  for  the  R  tr.ct  1-  (  . > i  >ny  counts  iihIk.iLc 

about  1.3  logs  less  growth  in  the  UF  fraction  when  compared  to  untreated  FSB , 
and  1.7  logs  less  growth  in  the  K  fract  ion.  Since  gii-wth  and  I'd  production 
are  directly  correlated,  this  indicated  LhaL  u  !  ti  af  i  !  t  .  it.  ion  wan  not  a  go  xl 
method  for  improving  PS  yields.  Attempt:;  to  as.  i  uncent ration  ot  TSB 

gave  similar  results  witii  both  the  Ur'  and  R  :i  :  t  ions  i  t  TUB  showing  poor 
growth  of  organisms.  We  did,  however,  isolate  '.no  _• -mp  .went  of  TSB  that  is  of 
a  high  enough  molecular  weight  to  possibly  a  in  in  vaccine,  in  order  to 

determine  if  we  could  assay  for  its  presence  in  :  ii- •  iiwil  vaccine  oroduut. 

The  material  did  not  show  any  of  the  propet  ti-  ;  oi  nuclei':  .aids  cr  proteins, 
gave  no  peaks  by  gas-liquid  chromatography  toi  -tie  presence  of  carbohydrate 
or  lipids,  and  showed  optical  aosorbance  ci  I  :  i : .  • he  low  UV  rairge  (about  206  nm) . 
Thus,  we  could  not  use  any  of  our  known  tes<  c  a  fj.iv  toi  its  presence. 

However,  as  shown  below  in  we  could  .is  me  e  I  i  m  i  nut  ion  ot  this  product, 

from  our  vaccine  by  use  ot  a  .!  i  f  for  ent  tuoie'.alw  sie.-e  column. 

2)  Variations  in  the  acet  ic  acid  st ;  en-jth  used  during  the  LPS 
hydrolyses  step.  In  order  to  remove  the  toxic  BPS  component  from  our  vaccine, 
we  employ  hydrolyses  of  the  cr  ude  l'S  prt-par a t  io  in  acetic  acid  in  order  to 
cleave  the  LPS  present  into  its  lipid  A  and  pole  .saccharide  ("0"  side  chain) 
components.  These  are  then  easily  eliminated  is  subsequent  purification  steps. 

We  found  that  when  crude  PS  preparations  ate  disco* v«sd  in  1?,  acetic  acid,  a 
concentration  ot  acetic  acid  k""wn  to  be  abic  1  cleave  purified  LPS  into  its 
components,  the  resultant  pH  is  about  U.F.  Tac  >1!  -at  if  acetic  acid  is  2.8. 

We  thus  tested  a  range  of  pH  values  from  -i.u  to  «• . .:  'or  their  el  l  ecti  vencss  in 
cleaving  the  LBS  while  doing  least  harm  to  the  •  .  - .  jar  results  (Table  V) 
show  that  at  a  pH  above  5.0  there  returns  del  ec  able  LPS  In  PS  reparations 
and  at  a  pH  above  5.4  there  is  essential  iy  n  >  Us;  ol  LPS  ate  to  acetic  ac.id 
hydrolyses.  The  presence  of  LPS  was  determined  by  the  amount  of  serologically 
active  alkali  stable  LPS  determinant  remaining  a ’tor  treatment.  A  pH  of  4.8 
had  no  effect  on  the  amount  of  serologically  act  i vo  PS  present.  From  those 
data  we  concluded  that,  the  pll  during  our  hydrolyses  step  must  bo  less  than 

4. 8-5.0.  This  usually  means  an  acetic  acid  concontrut  iou  ol  2.5...  Titus,  we 
find  our  optimal  yield  of  purified  PS  to  occur  when  a  pH  of  4. 8-4. 9  is  used. 

This  leaves  us  with  serologically  active,  immunogenic  l'S  utilizing  t  lie  least 
harsh  treatment  to  eliminate  LPS. 

3)  Use  ol  a  different  molecular  sxo/e  column.  We  had  been 
isolating  PS  by  taking  tire  void  volume  fractions  of  a  Se|  hueox  6-100  column. 

We  found,  however,  that  this  traction  coni  .1  oof  .in  luoiecnb  a  as.  small  as 
50,000  molecular  weigh! .  Thus  the  avtiiabiljly  e  a  no.  product,  Sephacyl 
S-30u,  provided  us  with  an  onpoi  tun  it.  y  to  imj  i  •  <w  mu  yi.-ol  if  lrign  mol  ocular 
weight  PS  free  from  smaller  sized,  non- immunogen  i  <  «.•  ■mponoiit  s.  This  column 
also  had  the  added  b- uief  it  ot  allowing  a  :,m.  i !  !  am  ■  i  ‘  >>!  auw  art  ed  matt  rial 

to  oiute  ahead  of  the  desired  PS  fractions.  Th  >  •  1  i  v.iiuoi  mater  i  •  I  nay  be 


:  csidual  nucleic  ,»c  id ,  UPS,  or  the  modi  .t  ci  . -i  *  ii.  ■■  :  ;> .► 1  ai  <ui-. 

l’hei e  is  a  small  amount  of  high  molecular  w.-inn  mo  1  i  ■  -  - n . ; *•  i  <  \  a  o. t 
in  TSB .  This  material  (see  a!  eve,  no.  I)  will  •  • 1  t : ■  in  ‘  in-  Vo,  i  ■  o'.um- 
of  an  S—  300  column  of  2.6  X  iiK)  cm  ahead  o'  tie  ,-g  :  ra--i  a.  Lim.  - 1. •  u i  nig 
its  elimination  i  tem  our  propa*  al  ion. 

‘1)  Use  of  defined  minimal  media.  he  att  ciupted  t<  -  ;  r<  p.u  ••  id 
by  growth  of  P.  aeruginosa  in  a  variety  of  ra>  niaial  media  with  various  c.a  bon 
sources.  All  of  these  media  showed  comparable  <n  owth  bat  t  he  grow th  was 
much  less  than  tnat  in  TSB.  Also,  Lno  PS  i  sol  at  <.  1  i  r  u;n  those  minimal 
media  showed  no  advantage  in  terms  of  <;  tea  ter  serological  a-  xivit  y  or 
immunoe jnicity ,  and  showed  similar  chemical  composition.:  and  monosaccharide 
components  with  PS  isolated  from  TSB  cultuies.  this  media,  however,  was 
used  to  prepare  an  intrinsically  labelled  C.  l'S  pi<;-|  os  at  ion  (s*’«*  Le!  ,>w)  . 

C.  Progress  of  Approval  for  Hainan  Tent  in- 1 

As  noted  in  section  A  above,  we  have  •  r-*t..i:  «,  a  suLm . t t ed  to  'he 

Bureau  of  Biologies  (Bob;  of  tlie  FDA  form  1  b  7  >  ,  ;•.<  -cl  huln-ti  f  n  rt  in)  an 
Investigational  New  Drug  in  Humans.  The  s;  unsoi  o  tide  INF  i  ;  tin* 
principal  investigator,  Gerald  ri.  Pier.  The  sp(  out  Las  obtained  FDA  1<  a  m 
lb  72  from  the  clinical  investigators,  Drs.  I'  inn  is.  b.  V  s;  i  r  an;  J.  M.-ho-'d 
Griffiss,  who  will  administer  the  vaccine  in  human  tiiais.  Th  ;  sponsor  h  m 
notified  the  U.S.  Army  Investigational  Drug  Rev  i «.  w  Board  tin  ough  the  e!  :  ice 
of  The  Surgeon  General  as  well  as  the  Chic!  ot  !  ,m  •l.mu.-i  >  Rev  •  <•*•  0!  !  if  ot 
the  U.S.  Army .  Finally,  Dr.  Edward  il.  Kass,  Di  i  eciot  o!  the  c.'ian  ning 
Laboratory  has  been  notified  and  will  proceed  w 1  th  h  is  review  at  '.he  t  i  v~ 
clinical  safety  and  toxicity  studies  in  animals  ;  i  be.  to  commencing  the 
human  trials.  Gobies  of  the  FDA  forms  and  not  i  l  i cations  an;  ..o;  ••ended  to  this 
icpor  t . 

The  current  contract  runs  through  J1  December  1‘JtlO.  Wi.  anticipate  initial 
iiamar.  trials  of  the  PS  vaccine  to  commence  in  Soptembe. ,  following  the  ex¬ 
piration  of  the  30  day  waiting  period  required  by  the  FDA  following  submission 
ol  an  IND  application  and  commencement  of  human  testing.  I  lie  ompletion  of 
the  : irst  part  of  Phase  I  trials  is  expected  b/  the  expiration  date  of  this 
contract. 

D.  Progress  on  Development  of  SeroJogj. c al  As:.;,/,  ; 

We  have  successfully  developed  an  easy  i  i  <  t>  nm,  highly  t  <  g  ••*.<•  hit  iblo 
radioactive  antigen  binding  assay  (RABA)  :  o  men.  .s  i e  the  ium.-.ne  i  espon  »e  •  >1 
immunised  animals  ana  humans  to  the  IT-1  PF  vaccine.  i •  ••»  ;>nr  studic-:;  on  the 
growth  of  P.  aeruginosa  in  a  minimal  salts,  reel  i  «..;<>«•  i '•-•*.  .1  •  >vo)  we  a.,,  j  led 

to  employ  a  media  containing  0.7 't.  Kalli’Oj,  0.2.  o.a'..  Mg  -  ".  1 

( Nll.j)  ;S0.; ,  0.01'i  are;  20  Mci  of  i:1*  sodium  aaef.it  •  I  o  pi  odu<  i  nl  t  i  nsi<  ally 
labelled  l’S.  The  resultant  IS  was  serologi  c..,  I  i  ,  .aid  dietiii  *  1  !y  s  i  ;:i  i  i .  ■  •  to 

previous  1’S  prepjr.il  ions  and  had  a  sne.  i  l  i  it.;-  i  v  i  t  y  of  t  .  h7  CPM/iig.  *i’he 


RABA  assay  employs  150  epm  oi  the  C*'*  Lobe)  Led  IT-1  !'.;  i  •  >.)  i,  1 ,  .m  i 

10J  pi  of  scrum.  Correlation  coefficient  o.iUub.t  i-ms  o'  file  pee  vent 
binding  of  immune  mouse  and  rabbit  sera  wit  h  dir  1  >iju  mtioody  .oncen- 
tration  of  these  immune  sera  gave  an  id’  vainc  0.'.  ,  thu  s  allow’:  g  in¬ 
to  compute  the  pg/ml  of  antibody  found  in  rabbit  ,:.;d  monsc  sera.  The 
test  is  sensitive  enough  to  allow  us  to  be  able  '•>  predial  from  the 
results  whether  or  not  an  animal  is  immune  or  not  immune  challenge 
with  the  live,  homologous  IT-1  organism.  We  u  .•  currently  lieeiiming 
studies  cn  human  sera  with  this  assay.  A  st  udy  •  t  .  f  iinmiL  num.in  sera 
revealed  a  binding  percentage  range  of  0-r«0.\,  v.  i  !:  if  >•  the  sera  uli<  .wing 
less  than  20%  binding.  Thus,  this  preliminary  -  st  irdc  ..Les  a  low 
prevalence  of  antibody  t  the  vaccine  union. ist.  n  iirnl  1  umu:  being:;. 


We  are  currently  in  the  process  of  deveio;  u  g  an  enzyme  i inked 
inmiunoabsorbent  assay  r  ELISA)  for  determination  <  g  antibodv  s<,,  u:tfj  an 
opsonophagocytosis  assay  for  determination  o’  an ;i body  function. 


E.  Progress  on  the  Analyses  of  the  Immunologic  Response  of  Mice  to  PS 
Vaccination. 


We  have  previously  shown  that  the  C  ill  strain  of  mouse  is  a  good  anti¬ 
body  producer  in  response  t.o  immuni  nation  with  1  ug  oi  the  IT- 1  p:-.  vaccine. 
Another  r, louse  strain,  BALB/C,  is  a  poor  respond'.!  ,  showing  only  a  minimi] 
antibody  response  to  a  50  pg  dosage.  These  antibody  :•  spouses  have  been 
measured  by  the  local  hemolyses  in  gel,  or  pla-v.e  terming  cel  I  (PFC) 
technique  as  well  us  by  our  RABA. 

Over  the  past  veer,  we  have  per  Conned  tin:  t...  .owing  e.\|  er  intents: 

i!  Assessment  at  the  dose-response  ret  >'o  * ’Mi.  ions  loti,  of  IT-1  PS. 

We  have  found  that  a  1  py  dose  of  IT-1  i’S  is  usually  file  mi r.imal  dose 
nee  led  to  induce  a  good  immune  response  in  o  ill  mice.  Ai  though  higher  doses 
(up  to  500  py)  of  IT-1  IS  may  produce  more  uni'oim  responses  (Table  V)  in 
groups  of  individual  mire,  there  appears  to  be  no  gain  in  terms  of  absolute 
amounts  of  antibody  by  using  these  increased  dm.  s. 

2)  Assessment  or  thymus  dependency  of  IT- L  PS  antigens.  Many  poly¬ 
saccharide  antigens  are  so  called  T  independent  antigens  because  they  do  not 
require  the  presence  of  helper  T  cells  for  induction  of  an  immune  response 
(2).  IT-1  l’S,  however,  appears  to  be  a  T-depoivn  at  antigen  because  treatment 
oi  mice  with  antilympiiocy t e  serum,  known  to  kno.k  out.  T  cells,  reduces  by 
«0%  the  PFC  and  RABA  rerq  is.:  of  C3H/ANI’  mice  (T  ible  VI). 

3)  Genetics  of  the  response  to  IT-1  1-G  irumaii  nation.  t’^  mice  of 
BALB/C  XC’H  and  Clll  X  BAld/C  crosses  were  ill  t  otinu  to  be  good  responder;  to 
immunization  with  IT-1  PS  (Table  VII).  Int  exeat,  ltigiy,  both  male  and  female 
mice  with  C3!i  mothers  showed  a  significantly  higher  response  t.o  tile  IT-1  PS 
immunization  than  did  similar  F^  mice  with  i-ALI-  ■ '  mothet  .  Other  worker  s 


TABLE  V 


Serum  antibody  Responses  in  03H/ANI’  mice 
following  immunization  with  IT- l  IS 


DOSE  ( ugi) 

r  , 

.  I'  0  jV  o  E 

Lot  Vic  I 

Lot  VL-I II_ 

a 

0.5 

2.0 

2.0 

1 . 0 

.1  ■! .  8 

.1  3 .  (> 

10.0 

17.9 

NDb 

50 . 0 

18.2 

15.5 

100 

21.2 

16.  3 

230 

ND 

14.8 

500 

ND 

16.9 

represents  average  ug/ml  of  antibody  increase  over  pre- 
immune  levels  for  5  mice 


b 


ND 


not  determined 


Effect  of  administration  of  anti-lyiml'o< 
on  C3IJ/ANF  mouse  immune  response  to 


ANTIGEN  DOSE 
_ ug  _ 


TREATMENT 


1.0 

NMS 

L.O 

ALS 

50.0 

NMS 

50.  0 

ALS 

NMS  -  normal  mouse  serum 


represents  average  increase  over  pre-it;imuie 
ug/ml  antibody  for  5  mice 
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have  shown  the  existence  of  a  "maternal"  o1 loci  on  the  jiosence  oi  basal 
serum  levels  of  IgA  (3),  and  we  are  currently  ex;  loring  i  possible  relation 
to  this  effect  with  Lire  immune  response  to  oul  wccinc.  We  have  recently 
shown  this  effect  still  holds  at  o  months  ol  age  tor  those  mice,  although 
male  Fp  mice  with  Balb/C  mothers  showed  Its;.:  of  ■  rej  te"..od  t  espouse  than 
did  female  Fp  mice  WLth  Balb/C  mothers  wire;  v  an;  ..  t  o i  I  e  "ither  male  or 
female  mice  with  C3H  mothers. 

A  second  parameter  of  the  genetic  bans  of  the  tt  aonse  of  mice  to 
the  IT-1  PS  antigen  was  explored  using  mice  wit.!  di'  '\.  ,.nt  n_y  t and 
mice  congenic  wich  CJtl  mice  excel  t  at  the  I’-.l  1  ■  .i-j.  Table  VIII  shows  no 

correlation  of  H-2  type  with  response ,  sin  t'  >H  SW  mie--  a:  a  difierent  rl-2 
type  were  good  responders,  whereas  AKk/j  .u  a  f‘.>  ,  ,j  mice,  both  possessing  the 
same  11-2K  typie  as  C3H/ANT  mice,  were  tour  i e, ponders. 

•4)  Determination  of  protective  meek,  mi  •••:  in  Balh/C  mice.  The  poor 
antibody  response  of  Balb.  C  mice  to  immune*,  t  i  with  IT-1  PS  led  us  to 
investigate  if  the  jrotective  mechanism  follow-ng  immunisation  was  cell 
mediated  or  humoral  (antibody)  mediated.  I  .s  •  nister  of  0.5  ml  of 

immune  Balb/C  serum,  was,  in  fact,  capable  •  *. -nt  .iiing  protection  (Table  IX). 

Adsorption  of  this  sera  with  IT-i  organisms  .bb:  > ja*..ed  t ' r;  protection.  The 
large  amount  of  scrum  needed  reflected  the  low  level  ol  ant j  body  |  resent  in 
this  sera.  Passive  transfer  of  immune  (tail  •;  , oeir  rolls  also  were 

effective  in  conferring  passive  protection  in  Live  organism  challenge  (Table 
X)  .  A  large  number  of  cells  had  to  be  trnns  ei  in  *«idor  to  corn  er  tire 

protection.  Non- immune  spleen  cells  were  in<>:  ■,  Live.  An  attempt  to  del  ine 
the  cell  type  involved  in  this  protection,  was  -tnoert  .ken  by  treat  ing  Bu  1  b/C 
spleen  cells  with  either  anti-  mouse  Ig  and  comp  Lemon t  or  anti -theta  serum 
and  complement,  to  kill  B  cells  and  T  celts  res;  •.  ;u:vol y .  The  results 
(Table  XI)  suggest  that  a  theta  sensitive  cell  j involved  in  passive  pro¬ 
tection,  but  unfortunately  the  results  aid  not  i each  statistical,  significance. 
Those  experiments  are  being  repeated  using  highei  co 1 1  numbers. 

An  interesting  atr.i  potentially  uscul  handle  :  getting  at  the  problem 

of  cell  m<  diated  immunity  in  response  to  irurani  1 1  ion  wi  th  IT-1  PS  has  oeen 
discovered  by  the  principal  investigator.  Paid  e;  n>ce  given  a  sub-immunogenic 
(1  lag )  dose  of  IT-1  PS  and  75  pg  oi  the  die  j  v  >  ul,/i:;t  i n  ire  protected  against 
challenge  7  days  later  with  the  live,  lomologoa  ;  I r ’  —  L  p .  ..oruginosa  organisms 
(Table  XII).  This  protection  is  specific  for  IT- 1  ore.  in lions  (Table  XII),  and 
can  be  passively  trails'  erred  to  nor.- immune  mice  with  b>/  .plecn  cells.  This 
cell  number  is  almost  a  log  less  than  the  run-bo:*  >i  cell:  needed  to  confer 
passive  protection  wh.en  no  Vinbiastin  is  given  (Tab  XI).  Furthermore,  we 
have  shown  in  over  50  individual  Balb/C  mice  fin-,  a  J  ,ig  dose  of  IT-1  PS  does 
not  induce  measurable  antibody  in  this  mouse  strain,  oven  it  given  with 
Vinbiastin.  Current  studies  are  underway  to  detenu ;  no  the  kinetics  of  Vinbiastin 
and  antigen  administration  in  inducing  this  phei.  mu.-non,  the  cell  type  involved, 
and  the  mechanism  of  enhanced  immunity  following  Vi  rib  la:  t;  i  n  treatment. 


'XW*. 


tabi.i:  vi  tt 


Response  of  Various  Congou  i  <*  Mo  j--u  "•t.rainr 
to  a  i  ug  dose  of  f  1  i  J 


STRAIN 


H-2  t'YPK 


ANT  1  BODY  RUSrjNSR 

u-l/mJ 


C3H/ANF 


C3H/SW 


AKR/J 


C57/BL 


C57/Br 


C58/J 


represents  average  increase  of  5  mice  in  nq/ir.l  of  antibody 
to  IT-1  PS 


r 

3 

:v: 

$ 

TABLE  IX 

,N 

»■> 

-:o 

Passive  Protection  of  Balb/c  Mice  with  Non 

...j  1  Mouse 

Serum  (NMS) , 

If-J  PS  Immune  Mouse  Sei  urn 

(IMS  ) 

/». 

and  IT-1  PS 

Immune  Mouse  Scrim,  adsorbed 

with 

IT- 1 

P.  aeruyinosa  iIMS-^d.,) 

s 

AMOUNT 

NO.  SURVIVORS 

■i 

SERUM 

(ml) 

TOTAL 

b 

1 

ft 

,v 

L'  - 

NMS 

0.5 

0/5 

0 

£ 

IMS 

0.5 

5/5 

100 

•  " 

\\ 

IMS- ads 

0.5 

0/5 

0 

TAHLE  X 


Passive  Transfer  01  Immunity  in  bulb/C 
using  IT-1  PS  Immune  Spicer  Colls 
(ISC)  and  Non-Immune  Spleen  CuJ ' s  (Mi: 

rn  i  co 

SC) 

CELLS 

NO.  CELLS 

no.  :.;uKyj.v\,;’S 

TOT  .A  L 

1  ’EKC.'ENT 
SURVIVORS 

ISC 

2  X  10 ' 

2/1 

-10 

ISC 

A  X  107 

:■/■» 

■1'J 

ISC 

8  X  10/ 

V) 

100 

NISC 

8  X  107 

0/f5 

0 
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TABLE  XII 


Active  Immunization,  Spec i  1  u  j  t y ,  and 
Passive  Transfer  with  Immune  SpLcer  Cells  (ISC) 


and  Non-immune 
Mice  given  1  ug 

Spleen  Cells  (NISC) 
IT-1  PS  and  Vinbb.s 

ol  Bulb/C 

L  i  n  i  V  i :  i  ) 

ANTIGEN  AMT. 

VIN.  AMT . 

CHALLENGE 

OR(  IAN  I SM 

NO. 

.51  IKY  i  VOLS 

PERCENT 

(ug) 

(ug) 

( IMMMNOTY ) 

TOTAL 

sufvtvor: 

1 

75 

IT-1 

'/') 

77.H 

1 

- 

IT—  l 

0/5 

0 

0 

75 

IT-1 

C/5 

0 

1 

75 

IT-2 

-'5 

40 

0 

75 

IT- 2 

0,  5 

0 

1 

75 

IT- 3 

1/5 

20 

0 

75 

IT-3 

0/5 

0 

1 

75 

IT- 4 

2/  j 

40 

0 

75 

IT- 4 

0/5 

0 

1 

7  5 

IT-6 

0/5 

0 

0 

75 

IT- 6 

1.  5 

20 

ISCa 

1  x  io7 

IT-1 

10/10 

100 

NISC3 

1  x  io7 

IT-1 

2/10 

20 

a 


ISC  -  immune  spleen  cells;  N1SC  -  non-immune  spleen  -ells 


5)  Basis  of  responsiveness  of  mice  to  LPS  i mm uni zation.  IT-1  PS  and 
LPS  share  common  serologic  determinants,  making  it  difficult  to  preclude  the 
occurrence  of  LPS  in  PS  preparations  as  being  responsible  for  the  PS'  immuno- 
genicity.  This  determination  is  further  hampered  by  the  very  low  amounts 
of  P^.  aeruginosa  LPS  needed  to  induce  an  immune  response  in  mice  (1)  . 

We  therefore  attempted  to  use  C3H/HeJ  mice,  which  are  genetically  unresponsive 
to  LPS  from  enterobacteriaceae ,  as  a  means  of  measuring  the  occurrence  of 
LPS  in  PS  preparations.  Our  results  are  presented  in  the  attached  manuscript, 
which  has  been  submitted  to  the  Journal  o£  Immunology.  brie!  ly,  we  found 
C3H/HeJ  mice  to  be  responsive  to  the  toxic,  irpirus  agonic  and  mitogenic  properties 
of  P.  aeruginosa  LPS,  thus  making  these  mice  unu  ruble  experimental  toois  for 
the  assessment  of  P.  aeruginosa  LPS  contamination  of  our  PS.  We  therefore  turned 
to  Balb/C  mice  to  get  at  this  problem.  Bulb/C  Mice  .to  excellent  responders  with 
antibody  to  P.  aeruginosa  LPS  (Table  XIII) .  We  therefore  made  a  mixture  of 
0.01  yg  LPS  with  100  yg  of  PS  and  gave  this  to  Balb/C  mice.  Table  XIII  shows 
that  mice  given  0.01  yg  of  LPS  had  an  average  percentage  binding  of  81.4%  in 
the  RABA  5  days  following  immunization  while  mice  given  100  yg  of  IT-1  PS 
only  had  a  binding  of  5.0%.  Mice  given  the  mixture  of  PS  and  LPS  had  a  per¬ 
centage  binding  of  37.0,  lower  than  that  of  the  LPS  alone  but  significantly 
higher  than  that  seen  with  the  PS  alone.  These  data  indicate  that  there  is 
at  least  less  than  1  part  in  10,000  of  LPS  in  PS  preparations.  Further  support 
comes  from  the  data  in  Table  XIV  which  describes  the  dose  response  curve  of 
C3H/ANF  mice  to  IT-1  PS  and  LPS.  These  mice  require  higher  doses  of  LPS 
(about  0.05  yg)  to  make  good  antibody  response  to  LPS.  Lower  doses  are  in¬ 
effective.  These  mice  also  show  a  good  response  to  PS  at  1  yg.  The  requirement 
of  5%  as  much  LPS  as  PS  for  an  immune  response  in  these  mice  is  well  within 
our  capabilities  of  detecting  LPS  in  PS,  and  since  chemical  studies  indicate 
less  than  1  part  in  1,000  of  LPS  in  PS,  we  feel  confident  that  the  immune 
response  seen  in  mice  to  PS  is  not  due  to  LPS  contamination. 

F.  Progress  on  _in  vitro  Cellular  Studies 

In  vitro  studies  on  the  ability  of  IT-1  PS  to  stimulate  mitogenisis  in 
spleen  cell  cultures  were  undertaken.  Table  XV  shows  the  dose  response  curve 
of  spleen  cells,  measuring  the  incorporation  of  tritiated  thymidine,  to  IT-1 
PS  and  LPS.  PS  was  found  to  be  mitogenic  for  spleen  cells  from  C3H  mice, 
but  required  about  10  times  the  amount  of  LPS  needed  to  produce  maximal 
mitogenesis.  Treatment  of  these  spleen  cells  with  either  anti  Ig  or  anti-theta 
sera  and  complement  (O')  knocked  out  the  PS  miLogenicity,  whereas  treatment 
with  anti-Ig  only  knocked  out  the  LPS  mitogenic i Ly .  Treatment  with  anti-theta 
sera  and  C'  knocked  out  the  Con  A  induced  mitogenicity  (Table  XVI) .  The  loss 
of  PS  mitogenicity  by  knocking  out  either  1.  (anti-Ig  treated)  or  T  (anti-theta 
treated)  cells  suggests  that  PS  is  a  B  cell  mitogen  requiring  T  cell  help 
for  this.  The  B  cell  mitogenicity  of  p_.  aeruginosa  LPS  is  consistent  with 
the  reports  on  the  mitogenicity  of  other  LPS'  (4),  and  the  data  on  the  Con  A 
control  indicates  that  the  T  cell  mitogenesis  ..'fleet  was  indeed  lost  following 
anti-theta  treatment. 
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TAHLE  XV 


Mitogenic  Response  of  CHl/ANi'  Mouse 
Spleen  Cells  to  Various  Doses  ot 
IT-1  PS  and  IT-1  LPS 


ANTIGEN 

AMT. 

(MS/ml) 

Cr\  OF  1 1' 
INCORPORATED 

PS 

5 

1,092 

PS 

10 

1  ,09/ 

PS 

50 

14,  l!J(, 

LPS 

0.5 

H,  5  Vi 

LPS 

2.5 

19,040 

LPS 

5.0 

IS,  34  7 

LPS 

25.0 

24,332 

LPS 

50.0 

23,023 

LPS 

100.0 

23,017 

V- 


A 


tabu:  XV 1 1 


Protection  of  Burned  Mice  by 
IT-1  PS  Vaccination 


IT-1  PS  AMT. 
(ug) 


MOUSE 

STATUS 


Not  burned 
Not  burned 

Burned 

Burned 

Burned 


NO.  SURVIVORS- 
T<  iVAij 


PERCENT 

SURVIVAL 


in  these  groups  there  was  60%  survival  at  18  hr.  as  compared  to 
100%  mortality  at  this  time  in  the  group  given  no  antigen. 
However,  all  mice  were  dead  by  5  days  in  these  groups. 


G. 


Progress  on  PS  Vaccine  Efficacy  in  Animal  Model;. 


We  have  attempted  to  assay  the  efficacy  of  t he  PS  vaccine  in  a  burned 
mouse  model  and  in  preventing  pneumonia  related  death  in  guinea  pigs. 

Dr.  I. A.  Holder  of  the  Shriners  Burn  Institute  in  Cincinnati,  Ohio,  tested 
a  PS  preparation  we  made  from  his  mouse  strain  M-2  of  P.  aeruginosa  in 
burned  mice.  Although  this  preparation  had  good  efficacy  in  protecting 
non-burned  animals  (Table  XVII),  it  only  slightly  prolonged  the  time  to 
death  when  tested  in  burned  animals.  Since  wo  me  not  studying  M-2  PS 
but  IT-1  PS,  we  have  sent  IT-1  PS  to  Dr.  Matt  Pollock  of  tin  Uniformed 
Services  University  of  the  Health  Sciences  for  testing  in  burned  animals. 
Results  are  pending. 

Dr.  Jim  Pennington  here  at  Harvard  Medical  School  has  been  testing 
the  IT-1  PS  in  guinea  pigs  as  a  means  of  protecting  against  a  IP.  aeruginosa 
induced  pneumonia.  The  PS,  however,  is  totally  non- immunogenic  In  guinea 
pigs,  as  measured  by  humoral  immunity,  and  there!  or-,  has  not  proven  effective*. 
However,  IT-1  LPS,  which  is  serologically  similai  to  IT-1  PS,  is  effective 
in  producing  protection  in  guinea  pigs.  Wo  there  Lore  i  e*ei  that  the  Lack  of 
immunogenicity  of  PS  in  guinea  pigs  is  the  problem  here,  and  not  the  efficacy 
of  antibody  directed  to  the  PS  determinants.  Guinea  pigs  are  known  poor 
responders  to  polysaccharide  antigens,  and  their  lack  of  response  to  doses 
as  high  as  1  mg  of  IT-1  PS  attests  to  the  lack  oi  EPS  in  this  vaccine. 

We  are  currently  attempting  to  raise  a  high  titered  rabbit  antisera  to  IT-1 
PS  for  use  in  passive  transfer  studies  of  guinea  pig  pneumonia. 
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